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Abstract
We discuss phenomenological aspects of models whose scalar sector is extended by an isospin
doublet scalar and a complex singlet scalar as an effective theory of supersymmetric models with
mixed sneutrinos. In such models, the lighter of the mixed neutral scalars can become a viable
dark matter candidate by imposing a global U(1) symmetry. We find that the thermal WIMP
scenario is consistent with the cosmological dark matter abundance when the mass of the scalar
is half of that of the discovered Higgs boson or larger than around 100 GeV. We also point out
that, with an additional isospin singlet Majorana fermion mediator, even the mass of the scalar
WIMP less than around 5 GeV is compatible with the observed dark matter abundance. We show
that such cosmologically allowed regions can be explored at future collider experiments and dark
matter detections.
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I. INTRODUCTION
The discovery of the Higgs boson with a mass of 125 GeV [1, 2] and measurements of its
properties at the CERN Large Hadron Collider (LHC) have established the Higgs mecha-
nism, on which the Standard Model (SM) of particle physics is based. Although no clear
evidence against the SM has been found at collider experiments, several phenomena that
necessitate a new theory underlying the SM have been reported mainly from the cosmolog-
ical and astrophysical observations. These include the existence of dark matter (DM), the
baryon asymmetry of the Universe, the cosmic inflation as well as neutrino oscillations. We
are obliged to build new models beyond the SM and to develop methods for distinguishing
them in order to approach the fundamental theory.
Weakly Interacting Massive Particles (WIMPs) χ are ones of the most promising candi-
dates for the DM in our Universe, whose abundance is determined to be Ωh2 = 0.1 by the
data obtained at the WMAP [3] and Planck observations [4]. If the thermal relic abundance
of the WIMPs coincides with the observed value above, the energy scale of the new model
containing the WIMP is set at around the terascale. Therefore, WIMP models can be ex-
plored by using data obtained at the operative LHC Run-II and the future electron-positron
colliders, such as International Linear Collider (ILC) [5–8], the Compact LInear Collider
(CLIC) [9] and the Future Circular Collider of electrons and positrons (FCC-ee) [10], as well
as many DM direct and indirect detection experiments.
Let us take a closer look at the nature of WIMPs. As suggested by its name, WIMPs
appear to have the weak interactions with other SM particles. However, such WIMPs that
couple with the Z-boson have too large annihilation cross sections and scattering cross
sections with nuclei. The latter property completely conflicts with the null results of direct
DM search experiments, hence the coupling between the WIMP and the Z-boson should
be absent or strongly suppressed. For Majorana WIMPs with the SU(2) gauge interaction,
the coupling with the Z-boson does not exist. For scalar WIMPs, similarly, introduction
of a CP violating term in the scalar potential removes the coupling with the Z-boson.
Such a prescription is common in order to avoid the direct DM search constraints in the
literature, for example, in the inert doublet scalar model [11, 12]. On the contrary, SU(2)
singlet WIMPs, by definition, do not interact with the Z-boson. Thus, small scattering cross
sections with nuclei are predicted, and the direct DM search limit has been relatively easily
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avoided. As one of the simplest models, singlet scalar DM models have been intensively
investigated as the operator between real singlet scalar WIMP and the SM Higgs doublet
H , O = λHχ|H|2χ2, is allowed by renormalizability [13–15]. Nevertheless, due to recent
great progress in direct DM search experiments, significant constraints on the coupling λHχ
have been imposed even for singlet DM. On the other hand, small λHχ allowed by the
direct detection constraints leads to the overabundance of the WIMP DM if one relies on
the thermal WIMP paradigm mentioned above. From the above observations about the
WIMP coupling with (without) the Z-boson, SU(2) doublet (singlet) WIMPs end up with
under-(over-)abundance in the Universe [16]. Therefore, one can envisage that doublet-
singlet mixed WIMPs may have the correct relic abundance and be consistent with the
current direct DM search results simultaneously for CP-conserving scalar or Dirac fermion
DM cases in, e.g., Ref. [17] 1. For example, a supersymmetric (SUSY) model in which left-
handed and right-handed sneutrinos significantly mix due to the large sneutrino trilinear
coupling falls in this category [16, 18–21].
In this Paper, we investigate the phenomenology of scalar-type doublet-singlet mixed DM
models as simplified models of the mixed sneutrino DM models: Since the quantum numbers
of the introduced scalar doublet (singlet) in this Paper is the same as those of the left-handed
sleptons (right-handed sneutrinos), the mixed sneutrino models are reduced to our model
if all the other superparticles decouple and SUSY relations among couplings are relaxed.
Hence, while our model is strongly motivated by the mixed sneutrino models, differences
that stem from the absence of SUSY relations among couplings can also be easily found
by comparing the results of this Paper with those of previous studies on mixed sneutrino
models. We examine the parameter space consistent with the cosmological DM abundance.
The allowed regions are found when the mass of the WIMP is half of that of the Higgs
boson or larger than around 100 GeV. If we further introduce a Majorana mediator that
corresponds to the bino in the mixed sneutrino models, the mass of the thermal WIMP can
be lighter than around 5 GeV. Then, we discuss phenomenological implications for future
collider experiments and DM detection experiments.
1 Doublet-singlet Majorana WIMP models have been investigated in, e.g., Refs. [22, 23]. In , e.g., Refs. [22,
24–27], doublet-singlet mixed real scalar WIMP models with an additional Z2 symmetry also have been
studied. Mixed complex scalar WIMP scenarios we focus on are qualitatively different from such CP-
violating scalar or Majorana fermion WIMP scenarios.
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TABLE I: The quantum numbers of the electroweak fields in the mixed complex scalar WIMP
model.
Fields SU(3)C SU(2)L U(1)Y U(1)X
Left-handed lepton doublets (Li) 1 2 −1/2 0
Right-handed lepton singlets (ei) 1 1 −1 0
SM Higgs doublet (H) 1 2 +1/2 0
Inert scalar doublet (η) 1 2 +1/2 +1
Inert scalar singlet (s) 1 1 0 +1
This paper is organized as follows. We introduce our model in the Sec. II. After summa-
rizing all constraints on the model in Sec. III, we show its phenomenological implications
in Sec. IV. In Sec. V, our model is extended by a light Majorana mediator for enhancing
the WIMP annihilation. We show phenomenological consequences also for the new viable
parameter region. Section VI is devoted to concluding remarks.
II. THE MODEL
We introduce a complex scalar isospin doublet η and singlet s in addition to the SM
particle contents. These new fields, s and η, are charged under a new global U(1)X symmetry.
The SM Higgs doublet H is neutral under the U(1)X symmetry. The quantum numbers of
the electroweak fields above are listed in Table I. The U(1)X charge corresponds to the dark
matter number, and the U(1)X symmetry guarantees the stability of the lightest additional
particle. Then, the scalar potential allowed by the SU(3)C ⊗ SU(2)L ⊗ U(1)Y ⊗ U(1)X
symmetries and renormalizability is written as
V = µ2H(H
†H) +
λ1
2
(H†H)2 + µ2η(η
†η) +
λ2
2
(η†η)2 + λ3(H
†H)(η†η) + λ4(H
†η)(η†H)
+µ2s(s
∗s) +
λs
2
(s∗s)2 + λHs(H
†H)(s∗s) + ληs(η
†η)(s∗s) + A(η†Hs+ h.c.), (1)
where µ2’s, λ’s and A are mass and coupling parameters. It should be noticed that, because
of the U(1)X symmetry, the scalar potential does not contain the CP violating operator,
O = λ5(H†η)2 + h.c., which is usually considered in the two Higgs doublet models.
After the electroweak symmetry breaking, the neutral component of the SM Higgs doublet
develops a vacuum expectation value, 〈H0〉 = v/√2, with v = 246 GeV. Then, the mass
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squared matrix of the neutral component of the inert doublet η0 and the inert singlet s in
the (η0, s) basis is diagonalized as

m211 m212
m221 m
2
22

 ≡

µ2η + v22 λ v√2A
v√
2
A µ2s +
v2
2
λHs


=

cos θχ − sin θχ
sin θχ cos θχ



m2χ2 0
0 m2χ1



 cos θχ sin θχ
− sin θχ cos θχ

 , (2)
with λ ≡ λ3 + λ4. The mass eigenvalues and the mixing angle satisfy mχ1 < mχ2 and
−pi/2 < θχ < pi/2. The lighter state χ1 is stable and identified with the WIMP candidate
in our model. The masses of the charged components η± are given by
m2η± = µ
2
η +
v2
2
λ3. (3)
Ones of the most important interactions of the WIMP χ1 in our analysis are the couplings
to the Z-boson and to the SM Higgs boson h, which depend on the mixing angle θχ as
L ⊃ −i e
sin 2θW
sin2 θχ(χ
∗
1
←→
∂µχ1)Z
µ +
(
−vλ sin2 θχ − vλHs cos2 θχ +
A√
2
sin 2θχ
)
hχ∗1χ1. (4)
III. EXPERIMENTAL CONSTRAINTS
Here we discuss experimental constraints on the parameter space of our model. In the
framework of the standard thermal WIMP production scenario, the DM abundance as well
as direct and indirect DM detection results impose significant constraints on the WIMP
properties. Null results of collider searches for new particles also considerably constrain the
model parameter space. We list notable experimental bounds adopted in our analysis in
Table II, and describe them below.
The DM relic density Ωh2 is determined through cosmological observations, most notably
by WMAP [3] and Planck [4]. Taking the possibility that nonthermal WIMP production
contributes to the WIMP abundance into account, we consider the value of Ωh2 shown in
Table II as the upper limit of the thermal WIMP abundance. The thermal WIMP abundance
is controlled by WIMP annihilation cross sections. In most of the parameter region of this
inert scalar model, dominant WIMP annihilation modes are χ1χ
∗
1 → bb¯ and χ1χ∗1 →W+W−
4
TABLE II: The experimental bounds adopted in our analysis.
Observable Experimental bound
Ωh2 0.1196± 0.0062 (95% CL) [4]
σNucleon LUX [28, 29], CDMSlite [30]
〈σannv〉 Fermi-LAT [31–33]
Γ(Z → inv.) < 2.0 MeV (95% CL) [34]
Br(h→ inv.) < 0.23 (95% CL) [35, 36]
processes. This argument puts the lower bound to the mixing angle θχ. We also explore
parameter regions where coannihilation processes become important.
Direct DM detection experiments search for signals by the recoil energy through WIMP
scattering off nuclei. With null results, the expected number of events by WIMPs in each
experiment set the upper bound on the scattering cross section of the WIMP with a nucleon
σNucleon. For a WIMP with a mass of the order of O(100) GeV, recent results obtained at the
LUX experiment constrain the WIMP-nucleon cross section as σNucleon . O(10−46) cm2 [29].
For a WIMP with a mass around 5 GeV, the CDMSlite experiment imposes the most
stringent upper limit as σNucleon . O(10−41) cm2 [30]. In our model, the spin independent
cross section of χ1 is mediated by the Higgs boson and Z-boson.
The measurements of fluxes of various cosmic rays serve as indirect DM searches. The
most stringent limit on the DM annihilation cross section has been obtained from diffuse
γ-ray flux from dwarf spheroidal galaxies by Fermi-LAT [31, 32]. No γ-ray signal from DM
annihilation in the Small Magellanic Cloud puts a similar bound on the WIMP annihilation
cross section [33]. In addition, Super-Kamiokande results can impose upper limits on WIMP-
nucleon scattering cross sections by non-observation of neutrinos from WIMP annihilation
in the Sun [37], which might be important for WIMPs with a mass less than around 10 GeV.
However, those indirect search constraints are not so stringent as others. Therefore, these
indirect search limits do not explicitly appear in our later plots although we take them into
account.
Let us turn to constraints obtained from collider experiments. If the mass of χ1 is smaller
than half of the mass of the Z-boson (the discovered Higgs boson), the Z-boson (the Higgs
boson) can decay invisibly into a pair of χ1. The invisible decays of the Z- and Higgs
bosons have been searched for at LEP [34] and LHC [35, 36]. Since these decay widths
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are proportional to sin4 θχ, the null results impose the upper limit on sin θχ. Moreover,
collider experiments set bounds on the masses and couplings of yet-to-be-discovered particles
though processes associated with WIMPs. For example, if the charged inert scalars η± are
once produced, they decay into W±(∗) and the missing χ1. From Eqs. (2) and (3), the
squared mass difference for small mixing angle, θχ ≪ 1, is given by m2χ
2
− m2η ≃ v2λ4/2.
In our analysis, the reference value of λ4 is as small as the corresponding scalar coupling
constant derived from the SU(2) D-terms in the mixed sneutrino models [16, 18–21] as
λ4 = 2m
2
Z cos
2 θW cos
2 β/v2 ≃ 2.3×10−5 with tan β = 10. Therefore, the charged and heavy
neutral scalars are sufficiently degenerate in mass, leading to negligible contributions to the
T parameter, ∆T ∼ 0.
IV. NUMERICAL RESULTS
With the aid of LanHEP [38], which automatically generates Feynman rules, we imple-
ment our mixed complex scalar WIMP model into the public codes micrOMEGAs [39] and
CalcHEP [40], which allows for automated computations of the properties of DM and associ-
ated new particles. All numerical results presented here are obtained with micrOMEGAs and
CalcHEP. As benchmark scenarios in our analysis, we take the scan bounds and reference
values listed in Table III. It should be noticed that the hχ1χ
∗
1-coupling given in Eq. (4) con-
trols both the WIMP-nucleon scattering cross section and annihilation cross sections. Thus,
the effect of the variation of λ or λHs can be absorbed by the change of the third term,
and thus the viable mass range of χ1 is not altered. Moreover, the first term in the hχ1χ
∗
1-
coupling is strongly suppressed by sin2 θχ, and thus negligible in many cases. From this
observation, we fix the values of the parameters λ and λHs at those motivated in the mixed
sneutrino WIMP scenarios [16, 18–21], where λ = (m2Z/v
2) cos 2β and λHs = |yν |2 ≃ 0 In
the small θχ limit with finite λHs, the second term of hχ1χ
∗
1-coupling in Eq. (4) becomes the
most relevant, hence this model is reduced to the so-called Higgs portal singlet scalar DM
model.. For tan β = 10, we obtain λ = −0.14. Given the experimental constraints discussed
in the previous section, we find two classes of allowed parameter region: (A) mχ
1
≃ mh/2
(Higgs-pole region); and (B) mχ
1
& 100 GeV (Large WIMP mass region).
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TABLE III: The scan bounds and reference values of parameters of our model.
Parameter Scan bound / Reference value
mχ1 [10 MeV, 1.5 TeV]
mχ2 [100 GeV, 16.5 TeV]
sin θχ [0.001, 1]
mψ [10 MeV, 1.01 TeV]
λ −0.14
λHs 0
A. Higgs-pole region
A viable parameter region can be found when the WIMP annihilation in the early Uni-
verse takes place near the Higgs pole, namely mχ
1
≃ mh/2. Figure 1 shows experimental
constrains and future prospects in the (mχ
2
, sin θχ) plane for mχ
1
= 62 GeV. Excluded
parameter regions in the light of current experimental bounds are shown with mesh areas.
In the red mesh region, the resultant relic abundance exceeds the observed DM density [4].
The green mesh region is excluded by the LUX experiment [29] . The purple solid line
indicates the expected reach by the XENON-1T experiment [41].
The WIMP-nucleon scattering is induced mainly by the Z-boson exchange diagram for
for mχ2 . 1000 GeV, and by the Higgs boson one for mχ2 & 1000 GeV. This fact leads to
the break of the direct detection limit around mχ2 ≃ 1000 GeV in Fig. 1. Since mχ1 ≃ mh/2,
the s-channel Higgs boson exchange process is the dominant annihilation mode and controls
the relic density. For this process, the most relevant interaction is the third term of hχ1χ
∗
1-
coupling in Eq. (4), which is rewritten as
A√
2
sin 2θχ ≃
sin2 2θχ(m
2
χ2
−m2χ1)
2v
. (5)
Namely, a larger mass deference between χ1 and χ2 leads to a smaller relic density, resulting
in a viable region for mχ2 & 1000 GeV, As can be seen from Fig. 1, the current allowed
region can be ruled out by the XENON-1T experiment.
We comment on the vacuum stability bound. Since the trilinear coupling A is large in the
allowed Higgs-pole region, there may appear a deeper vacuum than the electroweak one. In
Ref. [20], vacuum meta-stability has been investigated in mixed sneutrino WIMP scenarios.
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FIG. 1: Experimental constraints and future prospects in the (mχ
2
, sin θχ) plane in the complex
scalar for mχ
1
= 62 GeV.
It has been shown that the upper bound on the mixing angle is sin θν˜ . 0.26 for a WIMP
mass of mν˜ ∼ 1 GeV. Since in our model the mixing angle in the allowed Higgs-pole region
is as small as sin θχ . 0.01, we expect that the electroweak vacuum is stable enough. Further
discussion on the vacuum stability is beyond the scope of this paper.
B. Large WIMP mass region
Constraints from direct DM searches become weaker as the WIMP mass is increased for
mχ
1
& 100 GeV, leading to another viable mass region. Figure 2 shows allowed regions in
such large WIMP mass cases in the (mχ
1
, sin θχ) plane. There are two representative cases
for decreasing the WIMP relic abundance for mχ
1
& 100 GeV: The masses of χ1 and χ2
are considerably split, or degenerate enough to coannihilate. In the split case, the mass
difference between χ1 and χ2 should be large so that the WIMP coupling to the Higgs boson
and the annihilation cross section are sufficiently enhanced. In our numerical analysis,
we take (mχ
2
− mχ
1
)/mχ
1
= 10 for the split case, and (mχ
2
− mχ
1
)/mχ
1
= 0.01 for the
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degenerate case. In this degenerate case, the charged scalar decays into χ1 and too soft jets
or leptons to be detected. Therefore, the charged scalar mass mη± is not constrained at the
LHC. The dominant coannihilation modes of η+η− → W+W−, χ2χ2 → W+W−(ZZ) and
χ2η
± → γW± significantly decrease the WIMP relic abundance. These modes contribute
to around 30% of the effective annihilation cross section. As one can see from Fig. 2,
the viable parameter region in the split case (top frame) lies in the reach of the future
XENON-1T experiment. On the other hand, that in the degenerate case (bottom) is only
partially covered by the expected XENON-1T sensitivity reach. Therefore, these two cases
are distinguishable through future direct detection experiments.
V. THE MODEL WITH A MAJORANA FERMION
In the previous section, we have shown that there are two regions consistent with current
experimental results in our mixed complex scalar WIMP model; the Higgs-pole region where
mχ
1
≃ mh/2 and large WIMP mass region where mχ1 & O(102) GeV. Thus, a mass
of around 60 GeV appears to be the smallest for viable mixed complex scalar WIMPs.
However, in fact, a minor extension of the model opens another viable mass range. In this
section, we show that a GeV-mass WIMP is also feasible by introducing only one light
Majorana fermion ψ that mediates WIMP annihilation into the model described in Sec. II.
We assume that the newly introduced Majorana fermion is totally singlet under all the
SM gauge symmetry as well as the global U(1)X symmetry. The quantum numbers of the
electroweak particles of this new model is summarized in Table IV. The left- and right-handed
leptons, Li and ei, have negative U(1)X charges in this model. Here, i (= 1 − 3) denotes
the generation index. Then, interaction terms among the inert doublet, the left-handed
lepton doublets and the Majorana fermion are allowed with their couplings dependent on
the lepton generations. Assuming a hierarchical relation in these couplings, we introduce
only the interaction with the third generation left-handed lepton as
∆L = −Y (L3ψη˜ + h.c.) , (6)
with Y being a Yukawa coupling constant, and η˜ = iσ2η
∗, where σ2 is the second Pauli
9
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FIG. 2: Experimental constraints and future prospects in the (mχ
1
, sin θχ) plane in the mixed
complex scalar WIMP model. The top (bottom) frame shows the split (degenerate) case for
(mχ
2
−mχ
1
)/mχ
1
= 10 ((mχ
2
−mχ
1
)/mχ
1
= 0.01).
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TABLE IV: The quantum numbers of the electroweak particles in the mixed complex scalar WIMP
model with a Majorana fermion.
SU(3)C SU(2)L U(1)Y U(1)X
Left-handed lepton (Li) 1 2 −1/2 −1
Right-handed lepton (ei) 1 1 −1 −1
SM Higgs doublet (H) 1 2 +1/2 0
Inert scalar doublet (η) 1 2 +1/2 +1
Inert scalar singlet (s) 1 1 0 +1
Majorana fermion (ψ) 1 1 0 0
matrix. In the mass eigenstates, this interaction is expressed as
∆L = Y
2
sin θχ[ν¯τ (1− γ5)ψχ∗1 + h.c.] + · · · . (7)
The bottom line is that with this additional interaction, GeV-mass WIMPs can annihilate
into a pair of anti-tau neutrinos through the t-channel ψ exchange, χ1χ1 → ν¯τ ν¯τ . The
annihilation modes into fermion and anti-fermion pairs, χ1χ
∗
1 → f f¯ , contribute to the
effective annihilation cross section less than 1%. Since ψ is an isospin singlet, the invisible
decay widths of the Z- and Higgs bosons to a pair of ψ are absent due to the SU(2)
invariance.
A. Experimental constraints
The experimental constrains described in Sec. III also apply to the new WIMP model
with a Majorana mediator. In addition, the existence of the new decay modes η± → τ±ψ,
which are induced by the Yukawa interaction in Eq.(6), imposes another constraint on η±.
It should be noticed that similar processes are analyzed in the context of SUSY models.
Non-observation of signals of two leptons plus a missing energy sets bounds on slepton
masses [42–45]. Searches for the stau τ˜ through the decay into the lightest neutralino χ˜0,
τ˜ → τχ˜01, at the LHC experiment impose the lower limit on the mass of the stau as [45]
mτ˜
L
> 93.1 GeV (95% CL), (8)
11
for a massless neutralino. For simplicity, we apply this bound on the mass of the charged
inert scalar η± in our model.
B. Numerical results
Our numerical results in the model with the Majorana mediator are shown in Fig. 3 for
mχ
1
< 10 GeV and in Fig. 4 for 100 GeV < mχ
1
< 1000 GeV.
In Fig. 3, experimental constraints and future prospects are shown in the (mχ
1
, sin θχ)
plane for mχ2 = 130 GeV, (mψ −mχ1)/mχ1 = 0.2 and Y = 1. The blue hatched region is
excluded by the null results of the invisible decay of the Higgs boson at the LHC [35, 36]. The
region where the thermal WIMP abundance is overabundant is covered with red mesh [4].
The excluded regions by the CDMSlite experiment [30] and LUX experiments [28] are covered
with magenta mesh and green mesh, respectively. The solid purple line shows the future
expected sensitivity of SuperCDMS SNOLAB [46]. The solid (dashed) black line represents
the case where the invisible decay rate of the Higgs boson is Br(h → inv.) = 0.01 (0.005).
These values should be compared with the future expected sensitivity at the ILC. The ILC
stage with
√
s = 250 GeV and L = 250 fb−1 aims the level of Br(h → inv.) = 0.0069
using the polarization configuration of (Pe−, Pe+) = (+80%,−30%) [47]. In our numerical
calculations, we take mχ2 = 130 GeV so that the Higgs boson does not decay into states
containing invisible χ2. WIMP annihilation proceeds not only by the Higgs boson or the Z-
boson but also by the t-channel exchange of ψ, and the resultant relic abundance depends on
the mass and the coupling of the Majorana mediator. We find that the effective annihilation
cross section (the relic abundance) is maximized (minimized) for (mψ − mχ1)/mχ1 = 0.2.
For smaller mass differences, coannihilation effects rather increase the relic abundance. As
for the Yukawa coupling, we set Y = 1 as a reference. Larger Y relaxes the constraint from
the DM relic abundance, and vice versa. For mχ
1
< 5 GeV, the LHC imposes the strongest
limit on the mixing angle as sin θχ < 0.14. This figure shows that the allowed region can be
further explored by future DM direct detection and precise measurements of the invisible
decay of the Higgs boson at future electron-positron colliders.
The introduction of the Majorana mediator also affects the allowed region for large WIMP
mass cases as shown in Fig. 4. We take (mχ
2
−mχ
1
)/mχ
1
= 0.01, mψ = mχ2 and Y = 1. The
extension of the allowed region compared with Fig. 2 is caused by coannihilation processes
12
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FIG. 3: Experimental constraints and future prospects in the (mχ
1
, sin θχ) plane in the model with
a Majorana fermion for mχ
2
= 130 GeV, (mψ −mχ1)/mχ1 = 0.2 and Y = 1.
mediated by ψ. The dominant coannihilation modes in this case are η±η± → τ±τ±, χ(∗)2 η± →
ν¯τ+(ντ−) and χ(∗)2 χ
(∗)
2 → νν(ν¯ν¯), whose relative contributions to the effective annihilation
cross section amount to around 75%. This allowed region is further investigated at XENON-
1T [41].
VI. CONCLUSIONS
We have investigated phenomenological implications of the complex scalar WIMP that is
an admixture of an isospin doublet scalar and a complex singlet scalar. This class of model
is naturally realized in SUSY models equipped with right-handed sneutrinos that have large
trilinear scalar couplings. Due to a hypothetical global U(1) symmetry, the lighter mixed
neutral scalar is stabilized, and thus become a WIMP. We have shown that there are two
viable WIMP mass ranges where the WIMP abundance is consistent with the DM abun-
dance: mχ
1
≃ mh/2 and mχ
1
& 100 GeV. We have also pointed out that by introducing an
additional isospin singlet Majorana fermion, the constraint from the dark matter abundance
13
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2
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can be satisfied even when the mass of the WIMP is smaller than around 5 GeV. These
cosmologically allowed regions can be further probed at upgraded DM detection experiments
and future collider experiments.
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